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NONCONVENTIONF.LHARD-METAL COMPOSITIONS

by

Haskell Sheinberg

U.S.A.

ABSTRACT

A novel hard-metal composition comprising borides and carbides

of tungstefi, nickel, and iron is made by reaction hot-pressing

❑ixtures of elemental tungsten, nickel, and iron powders with small

quantities of boron carbide. The hardness of these compositions is

in the range of the hardest conventional tungsten carbid?-cobalt

compositions. It was subsequl+ntlydetermined that molybdenum can be

substituted in part or totally for the tungsten in the composition

with a minimum reduction in hardness, This new compositim can be

used i[] high-pressure anvils; it sustnins higher pressures Lhan

commer(.i..llcarbides without pLastic dcformntion.



Introduction

Hard metal compositions that contain no cobalt are of considerable

interest because of dependence on relatively unstable sources of

supply for this strategic material. The presentation describes

preliminary powder metallurgy work with a metal-boron-carbon system

(M-R-C), wherein the metal was principally the well known tungsten-

nickel-iron “heavy metal”, and boron carbide was used as the source

of boron and carbon. Nonstrategic molybdenum was substituted in part

or totally for the tungsten in some of the work.

Procedures and Equipment

A weighed charge of the blended constituents was leveled in the

cavity of a graphite die. The die was positioned in a 102-ntm-I.D.

induction coil coupled to a 50 kW, 10 kllzpower supply. A typical

time-temperature-pressure cycle for hot pressing a 3~.-mm-di,amby

25.-mm-long cylinder is shown in F~g. 1; hot pressing was performed

in an argon atmosphere.

tfetallographj

The structure of

alloy is shown .

Rockwell A (RA).

amounts of heron

conventional 95 ,wt% W-3.5 Ni-1.5 Fc “heavy mt:Lal”

n Fig. 2a; hardnes:; of this nl.loy jr;60 .O 65

The structure is dr.lstically nltercd by smnll

carbide. Figure 2b shows the rcluti.velyuniform,

finer angular grain structllrc obtained wheh 2 wt% or more heron



TABLE I HARDNESS OF SELECTCD ii-B-CPRESSING

B4C ALLOY CONPOSITIOX

RUN NO. CONC. ~ Ni Fe Mor — ——

5

6

7

11

12

25

26

38

39

41

1.52

2.50

2.75

2.58

2.67

2.67

3.00

5.03

5.92

2.76

95 3.5

95 3.5

95 3.5

95 3.5

95 3,5

95 3.5

90 7.0

6.4

6.4

76 3.5

1.5

1.5

1.5

1.5

1.5

1.5

3.0

2.7 90.9

2.7 90.9

:.5 19.0

87.5

93.0

94.0

92.9

93.4

92.9

92.8

91.9

91.8

90.1

HARDNEsS

Av—

‘A

85.5

92.6

93.2

92.5

92.1

89.4

92.1

91.5

90.7

89.:

Micro~obe An~sis.—..—. ——

A specimen of hot-pressed 1.5 1“’t%R4C-98.5 wt% Umgsten alloy was

examined by electron microprohc. ‘Tk area fixamined consisted of

large g~.~insand essentially fcat,(lrclc:;smatrix area~ hctween areas

of the gr~ins. The carbon appcarcwlt.obe relatively COflStilflt llcross

matrix findgrains; the grain r(!gionscent.nininghigh conccnLrations

of tungsten [Id boron but.almost. no [liclcrlor iron arc probahl.y

tung~t(’nboridr Colltainirr};some (-ilrl)(~ll. ‘1’lIf! otlwr r(’[;i.on:irontninrd

110 clrt(~ct:ll)lcboron, Ilij;llnirl(~’1il[i(l iron, :IIKI:~olIlrWhilt vnrjal)lc

tun~~tcu conccntr:ltio’ls wiL.111hf! tulln:. trll rollr(. nf.rat iou hf’ing

rOIISidrr:lhly lotf*r IlIaII iIIrr)lioIlsCOIII;Iilliu~ I)i’r(m.“ TIlf!h:lrllrll! s!;

of Lht’ xl ,1 ills PV@ril J;(”Il ~25[)H 1)1111, Wll(’1”(’~l!~ t l\(’ Ililr(lll(’!i!i i[i t.llf: m:lLrix

Illiltrr iii I b’.l!: %500 1)1)11.



High Pressure Anvil Test

Two Bridgman anvils, made with a 2.7 KLX B4C-97.3 wt% tungsten

alloy, were tested with a Jamieson high-pressure x-ray diffraction

appbratus to determine the ability of the anvil material tG sustain

high pressure without deformation. Additionally, sets of premium-

grade commercial tungsten carbide-cobalt were tested. Pressure was

applied to each set of anvils, the pressure was measured, and after

the pressure was released, the deformation across the 2.54-mm flat

bearing the peak load was measured. The results art?summarized in

Table II. It should b= noted that none of the anvils failed.

TABLE II RESULTS OF HIGH PRESSURE ANVIL TESTS

HATERIAL COMPOSITION PEAK PRESSURE AVERAGE

W1% GPA I(BAR DEFORI’IATIO1

_FIICRONS

2.67 B4C-97 TUNGSTEN ALLOY (95% W) 14.0 145 1

91.0 WC-90 co, GE-7i9 12.0 124 14

94.2 WC-5.8 Co, KENNAI’IETALK68 10.8 112 11

94.0 WC-6.O Co, GE-883 11.1 115 11

94.0 WC-6.O Co, GE-883 (HippEl~) 13.5 140 11

Fracture Toughness

Slotted short rod fracture-toughness specimens, Were tested with a

Fractomet.cr I instrument. The test results and the values deter-

mined by the instrument mnnufacturrr on commerci.~1tungstrn carbide-



TABLE III

FRACTURE TOUGHNESS DATA

RUN NO. COMPOSITION

RA 1.52 wt%B4C-98.48 wt% (95W-3.5Ni-l.5Fe)

R47-1 2.66 wt%B4C-97.33 wt% (95W-3.5Ni-l.5Fe)

R47-2 2.66 wt%B4C-97.33 wt% (95W-3.5Ni-l.5Fe)

R48-1 5.03 wt%B4C-94.97 wt% (90.9klo-6.4Ni-2.7Fe)

R48-2 5.03 wt%BLC-94.97 wt% (!10.9Mo-6.4Ni-2.7Fe)

R48-3 5.u3 wt% B4C-94.97 wt% (90.9Ho-6.4NI-2.7Fe)

R49-I 2.83 wt%B4C-97.13 wt% (95W-3.5Ni-l.5Fe)

R49-2 2.8’3wt%B4C-97.13 wt% (95W-3.5Ni-l.5Fe)

R49-3 2.83 wt%B4C-97.13 wt% (95!d-3.5Ni-l.5Fe)

x WC-12 wt% Co CALIBRATION SPECIMEN

RB WC-4.5% Co (HOT PRESSED, UNANNEALED)

RC B4C (HoT pRESSED, wm.ifum)

Compressive Strength

‘ICSR
(M.Pa$)

12.20

6.60

5.00

7.90

7.60

8.10

2.90

2.80

2.60

13.20

7.8?

3.35

Compression test results of two compositions and of a cormnercial-

grade tungsten carbide-cobalt tested with the same equipment are

presented in Table IV. The ,values obtained for WC-Co were

considerably lower than those rcpcrtcclby the manufacturer, possibly

because surface finish on tested specimens may not have been as

smooth as the finish on specimens tested by the manufacture.

Abrasion Resist.aucc—— ---.—-... ..-----



TABLE IV COMPRESSIVE STRENGTH OF M-B-C ALLOYS AND WC-Co

SPECIMEN COMPRESSIVE STRENGTH

NO. COMPOSITION (GPa) (Kpsi)

R56-1

R56-2

N56-3

R57-1

R57-2

R57-3

K-68-1

K-68-2

K-58-3

RUN NO.

OR

GRADE

R-41

R-44

R-46

CE-5511

GK-779

GE-241

cK-2fb8

GK-883

2.67 wt% B4C-Y7.33 wt~ 3.75

(95 W-3.5Ni-l.5Fe)

3.58

3.93

5.G3 wt%”B4C-94.87 wt% 3.05

(90.9Mo-6.4Ni-2.7Fe)

2.99

2.93

94.2 wtX WC-5.8 wt% Co 5.43

5.04

4.07

TABLE V ABRASION RESISTANCE TEST DATA

545

520

570

442

434

426

790

732

590

134C ALLOY OR CARBIDE ABRASIONRESISTANCE HARDNES;

COMPOSITION @o l/VOLU~!E RANGE

WT% y Mo Ni Fe WC Co REMOVED.— — .— —. .— — —. ‘A-.

2.67 76,0 19.0 3.5 1.5

2.5(’I95.0 3.5 1.5

5.03 90.9 6.4 2.-/

8/,.0lfj.()

91.0 9.0

9(1.010.0

89,(’)11.0

9fi,0 6.o

2.9

10.7

6.3

2.8

10.() .
6.0

7.0

35.0

88.9-89.4

92.6-92-8

91.5-91.8

86.0-87.1

~y.o-~g.”7

8U.1-8/?-fl

~q,f,-go.l

91.7-02.2



Observations -

The hardness and structure of conven~ional “heavy metal” alloys are

altered drastically by the addition of small amounts of boron car-

bide to yield relatively uniform and relatively

tures.

fine grained struc-

Within the limited range of tested compositions, the maximum hard-

ness was achieved when 2.50 to 2.75 wt% boron carbide was added to

the 95 wt% tungsten alloy and when 3.00 to 3.25 wt% boron carbide

was added to the 90 wt% tungsten alloy. Average hardness values

ranged from 91.5 to 93.5 RA. Within the limited range of boron

carbide additions ‘made to the molybdenum alloy, the 5.0 to 5.9 wt%

range yielded average hardness values of 90.7 to 91.5 RA.

Substituting a prealloyed W-Ni-Fe powder for elemental powder blend

of the same composition did not appear to affect structure or hard-

ness. Maximum density achieved by cold pressing and sintering these

compositions was only 96% of theoretical and maximum hardness was

only 87 RA.

The structures OJ all these compositions appear considerably coarser

than the structures of ❑ost commercial “hard metals”. It is likely

that reduction in time at temperature during the liquid phase hot

pressing and use of a finer tunj;stenpowder would reduce grain

growth drastically. It should be pointed out the density of this

family of hard materials can he varied for ~10 to 17 nlg/m3.

Conclusions.. ...-—..—

This new type of hilt-d nwt;ll, sLii.1in its embryonic state of develop

mcnt, hnd demonstrated supltr!ority For u’ltrnhi~ll prcssllrcanvil

appli,ciltion.High ll;~rdncss viilucs r.onlpnr:ll)l, (! to ‘.1].ursof the hnrd-

Cst COonmi(*t-cin1 Lmlgstr![i carl)i(lc-col)al 1. cumpo:. I tioll:+ , iudi.caLc a

l)ot(~ntinl lil iliLy fc)r tool. bit, mlluitiolls, and nhrii:iion i“cSiSLilllcC!



applications. Substitution of molybdenum for tungsten with only

slightly reduced hardness indicated a potential for reduction in use

of strategic tungsten powder.

Although it is

hardness is the

●ffor will be

almo:jt certain that the principal contribution to

formation primarily of tungsten boride, considerable

necessary to define the nature and extent of the

reactions involved and to optimize the compositions, raw maierial

properties, and fabrication parameters to achieve structure uni-

formity, finer grain size, and an improved combination of toughness,

compressive strength, high hardness, and abrasion resistance.
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Fig. 2a. Structure of 95 W-3.5 Ni-1.5 Fe “Heavy Metal”

c


